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Background: Pulse wave velocity (PWV) and ankle-brachial pressure index (ABI) are non-invasive tools to measure 
atherosclerosis and arterial stiffness. Heart rate variability (HRV) has proven to be a non-invasive powerful tool in 
the investigation of the autonomic cardiovascular control. Therefore, the purpose of this study was to determine the 
relationship among PWV, ABI, and HRV parameters in adult males.
Methods: The study was carried out with 117 males who visited a health care center from April, 2009 to May, 2010. We 
conducted blood sampling (total cholesterol, triglyceride, high density lipoprotein, cholesterol, fasting glucose) and 
physical examination. We studied brachial-ankle PWV (baPWV) and ABI. We examined HRV parameters including 
standard deviation of NN interval (SDNN), low frequency (LF), high frequency (HF), LF/HF ratio. We analyzed the 
relationship among baPWV, ABI, and HRV parameters. 
Results: SDNN had a signiﬁ  cant negative correlation with age, systolic blood pressure and heart rate. LF and HF had a 
signiﬁ  cant negative correlation with age, and age and heart rate, respectively. baPWV was signiﬁ  cantly and positively 
associated with age, systolic and diastolic blood pressures, total cholesterol, fasting glucose and heart rate. ABI was 
negative correlated significantly with systolic and diastolic blood pressures and heart rate. After adjusting for all 
associated variables, baPWV was not correlated with HRV parameters, but there was a signiﬁ  cant positive association 
between SDNN and ABI (r = 0.195, P = 0.014).
Conclusion: SDNN of HRV parameters had a signiﬁ  cant positive correlation with ABI.
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INTRODUCTION
Arterial stiff  ness has been known to play a substantial role in 
the development of cardiovascular diseases through the process of 
atherosclerosis, and it can be measured non-invasively with pulse 
wave velocity (PWV) and ankle-brachial pressure index (ABI) in 
adults.
1-4) 
PWV not only refl  ects risks of adverse cardiovascular events 
but also predicts their prognosis.
3-5) ABI works as a predictive 
parameter for peripheral diseases with low ABI indicating high 
risks of coronary heart diseases and cerebrovascular accidents.
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Heart rate variability (HRV) quantifi  es variations in the interval 
between each heart beat and subsequently helps evaluate 
modulation of autonomic nervous system that consists of 
sympathetic and parasympathetic system.
7) It has been reported 
that heart rate variability either by inappropriate activation of 
sympathetic nervous system or lowered parasympathetic tone 
is related to increased risks of cardiovascular diseases.
8,9) Despite 
numerous previous eff  orts
10,11) to prove that PWV, ABI, and HRV 
may serve as useful markers for adverse cardiovascular events, 
there seems to be a lack of proper domestic investigations on their 
relationships. In this regard, we aimed to explore the correlations 
of HRV with PWV and AVI in male adults.
METHODS
1. Subjects
Th   e participants were male adults aged at least 20 years old 
who visited Jeju University Hospital from April 2009 to May 2010 
and had HRV, ABI, and PWV checked. Individuals excluded 
from the study were as follows: subjects with arrhythmia on 
electrocardiogram that might aff  ect autonomic nervous function, 
subjects on treatment for previously diagnosed cardiovascular 
illnesses, hypertension, or diabetes, subjects with an average of 
ABI less than or equal to 0.9 suggesting presumable obstructive 
arteriosclerosis that could lead to decrease of PWV.
9)
2. Anthropometric Measurements
Body mass index was calculated with body height and 
weight based on the formula of kg/m
2. Waist circumference was 
determined by measuring tape placed around abdomen at the 
level of umbilicus while standing relaxed. Blood pressure was 
measured with automatic blood pressure monitor, FT-700R 
(Jawon Medical Co., Seoul, Korea), aft  er sitt  ing for 5 minutes at 
rest.
3. Blood Tests and Life Style
Blood was taken aft  er fasting for 12 hours to check fast blood 
sugar and lipid profile including total cholesterol, triglyceride, 
and high density lipoprotein cholesterol. Life style questionnaire 
asked details on smoking status, alcohol consumption, exercise 
habit, and degree of stress. As for smoking, it questioned whether 
you are a current or ex-smoker. Regarding alcohol use, it asked 
whether you have drunk alcoholic beverage more than or equal 
to one day per week for the past month. Questions about exercise 
were like if you have done exercise more than thirty minutes each 
time with the frequency of once or more on a regular basis for the 
last month. When it comes to the level of stress, it was determined 
by a Korean version of Brief Encounter Psychosocial Instrument 
(BEPSI).
12)
4. HRV
For this exam, subjects were advised to abstain from smoking 
and drinking any beverages containing caffeine and were told 
to fast for more than 12 hours before the test. Participants were 
sitt  ing in a chair with eyes open and directed toward the wall and 
not speaking in a soundproof room, where measurements were 
performed under appropriate lighting and pleasant temperature. 
HRV was measured by a sophisticated equipment, BFM-5000 
Plus (Medi-Core Co., Seoul, Korea) taking 5 minutes for SDNN 
(standard deviation of all normal sinus R-R intervals over 24 
hours) as time domain, low frequency (LH, 0.04 to 0.15 Hz), 
high frequency (HF, 0.15 to 0.40 Hz), and LH/HF ratio as fre-
quency domain.
5. Brachial-Ankle PWV (baPWV) and ABI
baPWV and ABI were measured using automated analyzer, 
VP-1000 (Colin Co., Komaki, Japan). Subjects lie on their back 
after taking 5 minutes of rest, and then had their both upper 
arms and ankles wrapped around by cuffs containing sensors 
which record pulse wave generated from brachial arteries and 
tibial arteries. With data obtained from the device, the time delay 
(ΔT) between brachial artery and tibial artery waveform was 
determined. The distance from heart to both ankles and upper 
arms, La and Lb, respectively were calculated automatically 
according to individual’s height. Subsequently, baPWV was 
determined by the fomula: baPWV = La - Lb / ΔT (cm/
s) where La - Lb stands for distance between La and Lb, the 
average of baPWV on each side was defi  ned as mean baPWV. Th  e 
ABI was calculated by the ratio of systolic blood pressure in ankles 
to systolic pressure in arms. Likewise, mean ABI was derived by 
taking mean of both ratios.Jeong-Hwan Ahn, et al: The Relationship among PWV, ABI and HRV in Adult Males
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6. Statistics
For statistical analysis, we used the SPSS ver. 18.0 (SPSS 
Inc., Chicago, IL, USA) and implemented Pearson’s correlation 
analysis to determine correlations among HRV, baPWV, ABI, 
certain lab values, and other basic variables. After adjusting for 
residual variables, subsequent relations between HRV and both 
baPWV and ABI were analyzed by partial correlation. P-value of 
less than 0.05 was considered statistically signifi  cant.
RESULTS 
1. Baseline Characteristics of Subjects
A total of 177 participants with average ages of 43 were 
involved and their clinical baseline characteristics are listed in 
Table 1. 
2. Correlations among HRV, Mean baPWV, 
Mean ABI, and Other Variables (Table 2)
SDNN shows negative correlations with age (r = -0.206, P 
= 0.006), systolic blood pressure (r = -0.148, P = 0.050), and 
heart rate (r = -0.161, P = 0.032). Likewise, LF and age are in an 
inverse correlation with each other (r = -0.201, P = 0.007). As 
for HF, it reveals negative correlations with age (r = -0.238, P = 
0.001) and heart rate (HR; r = -0.212, P = 0.005) with statistical 
significance. baPWV turns out to be positively correlated with 
age (r = 0.407, P < 0.001), systolic blood pressure (r = 0.425, P 
< 0.001), diastolic blood pressure (r = 0.419, P < 0.001), total 
cholesterol (r = 0.173, P = 0.021), fasting blood sugar (r = 0.223, 
P = 0.003), and heart rate (r = 0.384, P < 0.001) with signifi  cance 
in statistics. ABI has signifi  cant negative correlation with systolic 
blood pressure (r = -0.194, P = 0.010), diastolic pressure (r 
= -0.180, P = 0.017), and heart rate (r = -0.389, P < 0.001). 
However, BEPSI score shows no correlation with any of HRV, 
PWV, and ABI.
3. Values of HRV, baPWV, and ABI According 
to Life Style
No signifi  cant diff  erences were found for HRV, baPWV, and 
ABI according to smoking or exercise status (data not shown). 
For the variable of alcohol consumption, a group of subjects (HF, 
215.5 ± 245.9) who drinks one or more days per week over the 
past month shows signifi  cantly higher value of HF than the other 
group (HF, 134.4 ± 115.6) of people who consumes less than the 
former group (P = 0.003 by independent t-test).
4. Correlations of HRV with baPWV and ABI 
(Table 3)
baPWV shows no correlation with any of SDNN, LF, HF, and 
LF/HF (P > 0.05). ABI has positive correlations with SDNN (r 
Table 1. Baseline characteristics of subjects (n = 177).
Characteristics Values
Continuous variables, mean ± SE (range)
Heart rate variability parameters
SDNN (msec) 41.6 ± 1.6 (8.3-202.6)
LF (msec
2) 394.2 ± 36.1 (1.3-4,630.7)
HF (msec
2) 193.5 ± 16.6 (1.2-1,216.7)
LF/HF 3.6 ± 0.3 (0.2-22.7)
Mean baPWV (cm/s) 1,342.5 ± 14.9 (985.5-2,065.5)
Mean ABI 114.3 ± 0.6 (92.0-133.5)
Physiological variables
Age (y) 43.0 ± 0.7 (20-78 )
BMI (kg/m
2) 25.5 ± 0.2 (18.1-35.1)
Systolic BP (mm Hg) 127.1 ± 1.1 (94-170)
Diastolic BP (mm Hg) 78.7 ± 0.9 (54-114)
Heart rate (beat/min) 65.0 ± 0.8 (43-107)
Total cholesterol (mg/dL) 199.1 ± 2.9 (107-420)
HDL cholesterol (mg/dL) 48.7 ± 0.8 (22-83)
Triglyceride (mg/dL) 144.2 ± 7.5 (34-842)
Fasting glucose (mg/dL) 90.4 ± 1.8 (66-294)
Physiological variables, scores
BEPSI score (n = 167) 1.74 ± 0.05 (1.0-5.0)
Dichotomized variables, no (%) 
Smoking (1, current; 0, past or never) 67 (37.9)/110 (62.1)
Alcohol (1, >1/wk; 0, <1/wk) 129 (72.9)/48 (27.1)
Exercise (1, never; 0, >1/wk) 108 (61.0)/69 (39.0)
SDNN: standard deviation of all normal sinus R-R intervals over 24 
hours, LF: low frequency, HF: high frequency, LF/HF: ratio of power 
in LF/HF, baPWV: brachial- ankle pulse wave velocity, ABI: ankle-
brachial pressure index, BMI: body mass index, BP: blood pressure, 
HDL: high-density lipoprotein, BEPSI: Brief Encounter Psycho-
social Instrument.Jeong-Hwan Ahn, et al: The Relationship among PWV, ABI and HRV in Adult Males
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= 0.190, P = 0.011) and HF (r = 0.151, P=0.045), while negative 
with LF/HF (r = -0.155, P = 0.040). Notably, ABI retains its 
significant positive correlation with SDNN even after adjusting 
for other variables (r = 0.195, P = 0.014).
DISCUSSION
The key finding of this study is that SDNN, a component 
of HRV, is positively correlated with ABI with statistical 
significance. SDNN, one of variables that reflect HRV in time 
Table 2. Correlation among HRV parameters, mean baPWV, mean ABI, and other variables (n = 177).
Variables
HRV parameters
Mean baPWV Mean ABI
SDNN LF HF LF/HF
rrrr r r
Age  -0.206* -0.201* -0.238
† -0.108 0.407
† 0.127
BMI  -0.014 0.016 -0.046 -0.067 -0.038 -0.003
Systolic BP -0.148* -0.129 -0.109 -0.089 0.425
† -0.194*
Diastolic BP -0.139 -0.109 -0.094 0.014 0.419
† -0.180*
Heart rate -0.161* -0.101 -0.212* 0.123 0.384
† -0.389
†
Total cholesterol 0.069 -0.007 0.057 0.008 0.173* -0.133
HDL cholesterol 0.020 0.072 -0.021 0.064 0.034 -0.022
Triglyceride 0.023 0.052 -0.020 -0.016 0.139 -0.042
Fasting glucose -0.065 -0.029 -0.124 0.039 0.223* -0.003
BEPSI score 0.038 0.054 0.020 0.083 0.038 -0.126
HRV: heart rate variability, baPWV: Brachial- ankle pulse wave velocity, ABI: Ankle-Brachial pressure index, SDNN: standard deviation of all 
normal sinus R-R intervals over 24 hours, LF: low frequency, HF: high frequency, LF/HF: ratio of power in LF/HF, r: correlation coefﬁ  cient, 
BMI: body mass index, BP: blood pressure, HDL: high-density, BEPSI: Brief Encounter Psychosocial Instrument.
*P < 0.05. 
†P < 0.001. P-value by Pearson’s correlation analysis.
Table 3. Correlation between mean baPWV, mean ABI, and HRV parameters (n = 177).
HRV parameters
SDNN LF HF LF/HF
r* P-value
† r P-value r P-value r P-value
Mean baPWV
Model 1
‡ -0.089 0.238 -0.105 0.163 -0.125 0.097 -0.027 0.719
Model 2
§ 0.036 0.658 0.008 0.922 -0.002 0.981 0.019 0.816
Mean ABI
Model 1
‡ 0.190 0.011 0.077 0.308 0.151 0.045 -0.155 0.040
Model 2
§ 0.195 0.014 0.056 0.484 0.137 0.087 -0.130 0.105
baPWV: Brachial- ankle pulse wave velocity, ABI: Ankle-Brachial pressure index, HRV: heart rate variability, SDNN: standard deviation of all 
normal sinus R-R intervals over 24 hours, LF: low frequency, HF: high frequency, LF/HF: ratio of power in LF/HF. 
*r: correlation coefﬁ  cient. 
†P-value by partial correlation analysis. 
‡Model 1: unadjusted. 
§Model 2: adjusted for age, systolic blood pressure, 
diastolic blood pressure, heart rate, total cholesterol, fasting glucose, Brief Encounter Psychosocial Instrument (BEPSI) scores, smoking, 
alcohol, and exercise grades.Jeong-Hwan Ahn, et al: The Relationship among PWV, ABI and HRV in Adult Males
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domain measure, not only provides information on prognosis 
of cardiovascular diseases but also serves as a potent indicator of 
the controllability of ANS.
7-9) As HRV is determined by the net 
regulatory eff  ect of both sympathetic and parasympathetic system 
on sinoatrial node, it is considered to be a reliable noninvasive 
indicator of the autonomic nervous function.
7) With increasing 
number of reports on relations between HRV and cardiovascular 
illnesses, many of them say it is possible to predict the likelihood 
of cardiovascular diseases by state of inappropriate augmentation 
of sympathetic function and decrease of parasympathetic tone.
8,9) 
Besides time domain measure, frequency domain analysis works 
as another method of HRV analysis where RR interval fl  uctuation 
calculated with the help of cutting edge digital devices and 
computer gives insight into diff  erentiation between sympathetic 
and parasympathic system. LF reflects the effect of both 
sympathetic and parasympathetic tone (but bett  er representative 
of sympathetic system). HF mirrors status of vasovagal function 
on SA node under the control of parasympathetic nerves. As 
for LF/HR ratio, it seems to represent the delicate balance 
between two systems.
13-15) Though HF and LF/HF ratio show 
no statistically signifi  cant correlation with ABI aft  er adjusting for 
associated variables in the study.
In this study, systolic blood pressure and heart rate were 
negatively associated with SDNN and mean ABI. Reduced 
HRV is associated with an increased risk of cardiac events.
16) 
So, increased SDNN have protective effect for cardiac disease. 
Th   erefore, SDNN is signifi  cantly higher in metabolically healthy 
obese individuals than at risk subjects.
17)
ABI is a simple and noninvasive screening tool for peripheral 
arterial disease (PAD).
18) When PAD is defined as having 
more than 50% of stenosis of peripheral artery determined by 
angiography, ABI is known to have 90% and 98% of sensitivity 
and specificity, respectively.
19) According to diagnostic criteria, 
ABI less than 0.9 refers to PAD,
6,20) and is reportedly associated 
with presence of coronary heart diseases and their progressions.
21) 
In addition, it serves as a risk factor for complications of coronary 
heart diseases,
6) with greater than 1.4 ABI being known to be 
related to the increased mortality rate.
20) ABI was positively 
associated with SDNN, after adjusting for blood pressure, 
heart rate, and other variables on our study. HRV reflects the 
condition of autonomic regulation. So, our study said that 
HRV was associated with peripheral arterial disease. Really, one 
studyshowed that peripheral arterial disease altered the HRV in 
cardiovascular patients.
22)
Unlike this study where baPWV showed no relations 
with HRV, a research led by Nakao et al.
10) revealed the weak 
correlation of baPWV with the activation of sympathetic system 
in young adults.
Our study has following limitations. Since we recruited 
subjects who visited a local university hospital, the fi  ndings may 
not be generalized to whole Korean population. Additionally, we 
had a small number of male subjects. Furthermore, as a cross-
sectional study, it had limitation to reveal causal relations among 
variables. Despite all these limitations, present study sheds 
some light on relations between SDNN that provides useful 
information on effects of ANS or stability of cardiovascular 
system and ABI that serves as a risk factor for cardiovascular 
diseases. Hopefully, further comprehensive studies with large 
scale will be performed in the near future.
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